Fin Compression Station by Butts, Tom et al.
Indiana University – Purdue University Fort Wayne
Opus: Research & Creativity at IPFW
Engineering Senior Design Projects School of Engineering, Technology and ComputerScience Design Projects
5-4-2012
Fin Compression Station
Tom Butts
Zach George
Derek Rode
Brian Taylor
Follow this and additional works at: http://opus.ipfw.edu/etcs_seniorproj_engineering
Part of the Engineering Commons
This Senior Design Project is brought to you for free and open access by the School of Engineering, Technology and Computer Science Design Projects
at Opus: Research & Creativity at IPFW. It has been accepted for inclusion in Engineering Senior Design Projects by an authorized administrator of
Opus: Research & Creativity at IPFW. For more information, please contact admin@lib.ipfw.edu.
Opus Citation
Tom Butts, Zach George, Derek Rode, and Brian Taylor (2012). Fin Compression Station.
http://opus.ipfw.edu/etcs_seniorproj_engineering/40
 
 
 
 
 
 
Indiana University-Purdue University Fort Wayne 
Department of Engineering 
 
ME 488 
Capstone Senior Design Project 
 
Project Title: Fin Compression Station 
 
Team Members: Tom Butts 
  Zach George 
  Derek Rode 
  Brian Taylor 
 
Faculty Advisor: Dr. Nashwan Younis 
 
Date: May 4, 2012 
 
 
 
 
 
 
 
 
 
 
 
2 
 
Table of Contents 
Section 1: Acknowledgements ........................................................................................................ 4 
Section 2: Abstract .......................................................................................................................... 6 
Section 3: Detailed Design Description .......................................................................................... 8 
Section 3.1 Last Semesters Design: ............................................................................................. 9 
Section 3.2 Requirements and Specifications: ............................................................................ 9 
Section 3.3 Design Parameters: ................................................................................................. 10 
Section 3.4 Design Variables: ................................................................................................... 10 
Section 3.5 Design Revisions: ................................................................................................... 10 
Section 3.5.1 Safety: .............................................................................................................. 11 
Section 3.5.2 Redesign: ......................................................................................................... 12 
Section 3.5.3 Design of Weldment: ....................................................................................... 12 
Section 3.5.4 Design of Lower Nest ...................................................................................... 13 
Section 3.5.5 Final Design ..................................................................................................... 16 
Section 4: Building Process ........................................................................................................... 17 
Section 4.1: Building Process .................................................................................................... 18 
Section 4.2: Issues during the Build Process ............................................................................. 23 
Section 4.3: Completed Build.................................................................................................... 24 
Section 5: Budget .......................................................................................................................... 26 
Section 6: Testing .......................................................................................................................... 28 
Section 6.1 Testing Overview ................................................................................................... 29 
Section 6.2 Testing Performed .................................................................................................. 29 
Section 6.3 Test Results ............................................................................................................ 30 
Section 6.4 Test Results Analysis ............................................................................................. 33 
Section 7: Evaluations and Recommendations .............................................................................. 34 
Section 7.1 Evaluation: .............................................................................................................. 35 
Section 7.2 Recommendation: ................................................................................................... 38 
Section 8: Conclusions .................................................................................................................. 39 
Section 9: References .................................................................................................................... 41 
Section 10: Appendices ................................................................................................................. 43 
Section 9.1 Mechanical Drawings of Components: .................................................................. 44 
Section 9.2 Screen Shots of HMI: ............................................................................................. 58 
 
3 
 
 
Table of Figures 
Figure 1: Last Semesters Final Design ............................................................................... 9 
Figure 2: Weldment Assembly ......................................................................................... 12 
Figure 3: Static Stress Results for the Weldment ............................................................. 13 
Figure 4: Lower Nest Assembly ....................................................................................... 13 
Figure 5: Results of Static Stress Analysis on Lower Nest Assembly ............................. 14 
Figure 6: Results of Deflection Analysis on Lower Nest Assembly ................................ 15 
Figure 7: Final Design ...................................................................................................... 16 
Figure 8: Assembled Frame .............................................................................................. 18 
Figure 9: Lower Frame with Base and Weldment ............................................................ 19 
Figure 10: Plunger with Clamp Assembly ........................................................................ 20 
Figure 11: Plunger and Actuators ..................................................................................... 21 
Figure 12: Lower Nest with Gauge Blocks Installed ........................................................ 21 
Figure 13: Light Curtain ................................................................................................... 22 
Figure 14: Optical Sensor Switch ..................................................................................... 23 
Figure 15: Completed Machine ........................................................................................ 25 
Figure 16: Copper Fin Before Compression, After Compression, and Its Fit in the 
Production Nest Used as a Gage ....................................................................................... 30 
Figure 17: Process Capability and Process Performance of the Repeatability Testing .... 36 
Figure 18: Process Capability and Process Performance of the Cycle Time Testing ....... 36 
Figure 19: Assembly Drawing - PCT010-001-000 ........................................................... 44 
Figure 20: Drawing of Base Plate - PCT010-001-001...................................................... 45 
Figure 21: Drawing of Lower Nest - PCT010-001-002 .................................................... 46 
Figure 22: Drawing of Nest Back Plate - PCT010-001-003 ............................................. 47 
Figure 23: Drawing of Plunger Coupler - PCT010-001-004 ............................................ 48 
Figure 24: Drawing of Plunger Clamp - PCT010-001-005 .............................................. 49 
Figure 25: Drawing of Weldment - PCT010-001-006 ...................................................... 50 
Figure 26: Drawing of Actuator Mounting Spacer - PCT010-001-007 ............................ 51 
Figure 27: Drawing of Upper Nest - PCT010-001-008 .................................................... 52 
Figure 28: Drawing of Upper Nest Coupler - PCT010-001-009 ...................................... 53 
Figure 29: Drawing of 0.120" Gauge Block - PCT010-001-010 ...................................... 54 
Figure 30: Drawing of 0.120" Plunger - PCT010-001-011 .............................................. 55 
Figure 31: Drawing of 0.250" Gauge Block - PCT010-001-012 ...................................... 56 
Figure 32: Drawing of 0.250" Plunger - PCT010-001-013 .............................................. 57 
Figure 33: Main Screen of HMI........................................................................................ 58 
Figure 34: Recipe Screen of HMI ..................................................................................... 58 
Figure 35: Counters/Timers Screen of HMI ..................................................................... 59 
Figure 36: Maintenance Screen of HMI ........................................................................... 59 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Section 1: Acknowledgements 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5 
 
 
The Fin Compression Station team would like to express our gratitude towards Parker 
Hannifin Precision Cooling Business Unit for their sponsorship and support of this senior 
design project.  Specific acknowledgement to the following from Parker who gave the 
team much needed guidance and support throughout the project: 
 
 Steve O’Shaughnessy - Project Engineer 
 Jeff Brennan – Senior Design Engineer 
 Brad Beerman - Senior Manufacturing Engineer  
 Tom Minnich 
 
The team would also like to acknowledge Adaptek, Inc. for their work on the control 
system half of the project. Without their expertise, a working machine would not have 
been possible. 
 
The Fin Compression Station team would also like to extend our thanks to Dr. Nashwan 
Younis who provided unwavering support and direction throughout the design process. 
 
In addition to Dr. Younis, the team would like to acknowledge the faculty of IPFW 
Department of Engineering who provided insight and constructive criticism throughout 
the design process. 
 
Without the support of Parker Hannifin, Mr. O’Shaughnessy, Mr. Beerman, Mr. Brennan, 
Dr. Younis, Mr. Minnich, Adaptek Systems, and the IPFW faculty, this project would not 
have been made possible. 
  
6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Section 2: Abstract 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7 
 
Parker Hannifin has requested the design of a Fin Compression Station to increase the 
manufacturability of cold plate heat exchangers. The manual compression station that is 
currently in use will be replaced by a semi-automatic operation. The station has to be able 
to compress any fin size, with maximum uncompressed dimensions of 6.5” by 4.5” with a 
thickness of .120”. The fin must be compressed to a minimum width of .500”. All final 
fins should be within the tolerances specified by Parker Hannifin. The operation should 
be ergonomic and safe. The fins should be flat and evenly compressed with a maximum 
cycle time of 10 seconds. For changeovers that require a nest change, the maximum 
allowable changeover time is 5 minutes. A user interface should allow the compression 
widths to be changed within 10 seconds. The second semester of this senior design 
project has been devoted to design refinements, assembly and testing of the machine. 
Included here are the final design modifications, the different types of manufacturing 
processes required in the design, the assembly process, testing requirements and testing 
results. Further, recommendations based on the testing results are presented. This will 
only include the design, assembly and testing of the mechanical components; the controls 
portion of the project is outside of the scope for our team and was completed at Adaptek 
Systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8 
 
 
 
 
 
Section 3: Detailed Design 
Description 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9 
 
Section 3.1 Last Semesters Design: 
 
Last semester, the team went through the design process for a semi-automated machine 
that compresses copper fins used in cold plate heat exchangers. This machine’s purpose is 
to increase the manufacturability of cold plate heat exchangers. Figure 1 shows last 
semesters design. 
 
 
Figure 1: Last Semesters Final Design 
 
This design uses a nest block that is where the fin is placed during compression, an 
electric vertical actuator to keep the fin from buckling during compression and an electric 
horizontal actuator for compressing the fin.The whole assembly is mounted on a base 
plate and guarded with plexi-glass on the sides and top with a light curtain on the front to 
allow safe operator access.  
 
Section 3.2 Requirements and Specifications: 
 
The requirements and specifications presented to the design team by Parker Hannifin are 
as follows.  The machine must be able to accommodate a maximum uncompressed fin 
size of 6.5 inches long and 4.5 inches wide.  The nominal thickness must remain at 
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0.120” and the machine must have capability of adjusting to different thicknesses as new 
fin designs evolve.  The minimum compressed width must be 0.500 inches. 
 
The final design focuses on a high quality final product.  To achieve this, the final 
geometry of the part must fall within the tolerances provided by Parker.  The compressed 
width must be within a tolerance of ±0.005”.  Also, the parallelism must be within a 
tolerance of ±0.002” and the flatness must be within ±0.002”.  These tolerances should be 
met by each part with no intervention by the operator. 
Section 3.3 Design Parameters: 
 
The final design must operate within certain parameters determined by Parker Hannifin.  
The machine must be designed such that a user interface allows the operator to easily 
change the physical dimensions of the fins.  The machine must be modular and any nest 
changeovers must be restricted to a maximum time of 5 minutes.  The total cycle time, 
which includes loading, unloading, and machine time, must occur within 10 seconds.  
Also, the cost of the design must fall within the $25,000 overall budget determined by 
Parker. 
Section 3.4 Design Variables: 
 
Due to complexity and time constraints, this design is limited to the physical machine.  
The controls portion of the project was handled by Adaptek Systems.  Therefore, the 
design must be able to accommodate the necessary control hardware while also 
performing to a high level of quality. 
 
The allotted budged can be broken down into two main categories: tooling/machine 
components and control hardware.  For this project the budget for tooling and machine 
components is $15,000.  The project budget for the human-machine interface and 
controls is $10,000.  Both budgets must be considered throughout the design process to 
ensure both the tooling/components and control hardware is kept under the predetermined 
budget. 
Section 3.5 Design Revisions: 
 
After last semester, the design team met with the engineers at Parker Hannifin to discuss 
the project and they suggested some design modifications. These design modifications 
are outlined in Table 1. 
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Table 1: Design Modifications 
 
 
Due to costing issues, and since precision in the vertical axis is handled by use of gauge 
blocks instead of the actuator, it was decided to use a pneumatic actuator in the vertical 
axis. Also, a weldment was chosen to mount the vertical actuator since it is easier to 
manufacture to the precision required than the bolted assembly of the previous design. In 
addition, to reduce the amount of machining required the nest block was re-designed such 
that it is assembled out of two pieces: a bottom block and a back plate. During the 
previous design development, the amount of force required to compress the fins were 
approximated and determined to be small enough that a standard electric actuator could 
produce the necessary thrust. However, Parker Hannifin would prefer to accommodate 
different fin thicknesses, some of which require a great deal more compression force than 
originally estimated. Therefore, the horizontal actuator was changed to a heavy duty 
model capable of producing the necessary thrust. 
 
Section 3.5.1 Safety: 
 In order to comply with OSHA regulations, the base plate had to be widened to prevent 
an operator from injuring themselves should they reach past the light curtain during 
compression. In order for the controller designers to measure the parameters, places for 
the necessary sensors were added to the design. Also, since it is difficult to manufacture 
the compression block to the specifications, the compression block was shortened and a 
clamp was designed to hold it in the machine with pins to provide the precision 
necessary. Finally, locating pins were added in all critical joints to ensure that tolerances 
were met in the final parts.  
 
 
 
Description of Change Justification
Use pneumatic actuator in 
vertical direction
Cost and controls
Use weldment to mount 
vertical actuator
Manufacturability
Use a 2 piece nest block Manufacturability
Use a heavy duty 
horizontal actuator
Compression 
Capability
Widen base plate Safety
Allow for the mounting of 
sensors
Controls
Use clamp to mount 
compression block
Manufacturability
Use of locating pins in all 
critical locations
Precision
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Section 3.5.2 Redesign: 
Since two of the components were completely redesigned, a new analysis was run to 
ensure that failure will not occur. These were the weldment and the lower nest assembly. 
Of interest to the design, the weldment cannot fail from stresses and the lower nest 
assembly cannot fail from stresses nor have a deflection that could cause an issue with 
the final part compression width tolerance. 
 
Section 3.5.3 Design of Weldment: 
To mount the vertical cylinder, it was decided to use a weldment. Figure 2 shows the 
weldment. 
 
Figure 2: Weldment Assembly 
The weldment consists of four main components, the base, two upright supports and a 
mounting flange. All components are made of 1018 cold rolled steel that is .5” thick. 
There are two slip fit dowel pin holes in the base along with two press fit dowel pin holes 
in the flange. The drawing for the assembly is included in the Appendix. 
 
In order to ensure that this design would be structurally secure, a finite element analysis 
was completed. The loads considered for the analysis were the weight of the actuator that 
is mounted and the weight of the weldment itself. Since the external loads from the 
actuator act opposite the weight, they were neglected. A color coded picture of the static 
stress results are shown in Figure 3. 
 
13 
 
 
Figure 3: Static Stress Results for the Weldment 
The yield strength of 1018 steel is 386 MPa and from Figure 3 the maximum applied 
stress is 1.7 MPa. This leads to a minimum factor of safety of 228. 
 
Section 3.5.4 Design of Lower Nest 
To aid in manufacturing the components, the lower nest was redesigned. Figure 4 shows 
the redesigned nest. 
 
 
Figure 4: Lower Nest Assembly 
 
Bottom 
Back plate 
Gauge Blocks 
Weight of Actuator + Weight of Weldment 
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The nest assembly was redesigned to allow for easier machining. It was essentially split 
into two pieces, a bottom part that the fin sits on and a back plate that will be used to 
provide the reaction force necessary during compression. The back plate is pinned and 
screwed to the bottom on the back side. There are also two gauge blocks that are used to 
set a height of the top nest to ensure that the part doesn’t buckle during compression. The 
gauge blocks are also pinned and screwed into the bottom half of the lower nest 
assembly. There is also a threaded hole tapped into the back plate near the top corner to 
allow for the installation of a part presence sensor. Finally, the whole assembly gets 
pinned and bolted down to the base plate. 
 
To make sure that this design is structurally secure, a finite element analysis was also run 
on this part. Unlike with the weldment, there are multiple modes of failure to be 
concerned with. Obviously, the first is due to induced stresses during operation, but also 
the deflection of the back plate is of concern since if it deflects too much then the final 
part may not meet the final part tolerances. The loading considered for this analysis is 
350 pounds, which is the maximum that the horizontal actuator can output. The results of 
the static stress analysis are shown in Figure 5 and the results of the deflection analysis 
are shown in Figure 6. 
 
 
Figure 5: Results of Static Stress Analysis on Lower Nest Assembly 
 
350 Pounds 
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Figure 6: Results of Deflection Analysis on Lower Nest Assembly 
By reviewing Figure 5, the maximum stress is about 44.5 MPa, and since components are 
made of AISI A2 Tool Steel with a yield strength of 620 MPa, the factor of safety is 
about 13.9. By reviewing Figure 6, the maximum deflection in the area of interest is 
.00015 inches which doesn’t even come close to the .005 inches of final part tolerance. 
Therefore, even with deflection stack up the final part will still be inside the tolerance. 
 
  
350 Pounds 
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Section 3.5.5 Final Design 
After incorporating all of the above changes, the final design is shown in Figure 7. 
 
 
 
 
 
Figure 7: Final Design 
 
For this design, the fin is placed in the lower nest assembly. The vertical actuator lowers 
the upper nest assembly down until it contacts the gauge blocks, thereby creating a rigid 
ceiling that prevents the fin from buckling. The horizontal actuator then moves the 
compression plunger into the nest to compress the fin to the desired width. After the 
compression, both actuators retract to their home positions allowing clearance for the part 
to be removed. 
 
 
 
 
 
 
 
Framing 
Guarding 
Weldment 
Vertical Actuator Upper Nest Assembly Lower Nest Assembly 
Compression Plunger 
Plunger Clamp 
Horizontal Actuator 
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Section 4: Building Process 
  
18 
 
Section 4.1: Building Process 
 
As the parts of the machine begin to come in, the building process could begin. The first 
stage in building the machine was building the frame. The frame was constructed of 
Parker structural aluminum framing (ISP). The frame was in two sections, the lower and 
upper half. Figure 8 shows the completed frame which is on wheels to be portable. The 
frame for the HMI hangs off of the side.  
 
 
Figure 8: Assembled Frame 
With the frame assembled, the next major piece to be fitted was the base plate. The base 
plate is mounted onto the lower half of the frame with bolts running around the perimeter, 
screwing into t-nuts in the frame. The dowels for the various components were then 
inserted into their corresponding holes. These dowels keep every component in line with 
each other to help ensure accuracy of the machine. The first component to be mounted to 
the base plate was the weldment. The weldment had two slip fit dowel holes to align it 
and four bolts to secure it to the plate. With the weldment bolted securely to the base, the 
vertical pneumatic actuator could be mounted to it. There were two slip fit dowel pin 
holes in the actuator which allowed it to be precisely mounted to the weldment. The 
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actuator was secured with four bolts. Figure 9 Shows the lower frame, base, weldment, 
and pneumatic actuator all in place and secured together.  
 
 
Figure 9: Lower Frame with Base and Weldment 
The rail that the compression plunger slides on was installed next. Even though there 
were no dowels in the rail itself, it had dowels in the base that it could be pressed up 
against before being bolted down. These dowels insured that the rail was square with the 
lower nest to keep our parallelism tolerance. The rail also had four bolts that secured it in 
place. The THK slide was slid onto the rail. The bottom plunger coupler was then 
mounted to the THK slide. As with the rail there were no dowel pins in the THK slide. 
Two dowels were inserted into the lower coupler to allow it to be it to be squared to the 
THK slide before being bolted down with four bolts. There are two long dowels at the 
front edge of the lower coupler that slip through the plunger and the upper coupler. The 
plunger is clamped in to the coupler with the four bolts that are in the upper coupler. The 
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lower coupler plate is then threaded on to the misalignment coupler which is then 
threaded onto the horizontal actuator. In order to mount the horizontal actuator, there was 
a slight change. The spacer blocks that mounted onto the actuator and then got bolted to 
the base were originally meant to have dowel pins in then to keep the actuator straight 
with the rail. However, while trying to mount the actuator to the base, all four dowels 
could not be properly fit at the same time. Knowing that the rail was straight and that we 
had a misalignment coupler, the dowels were removed from the base that held the spacer 
blocks. This will not hurt the performance or accuracy of our machine, it just made it 
easier to assemble.  Figure 10 shows the Plunger assembly assembled and connected to 
the actuator.  
 
 
Figure 10: Plunger with Clamp Assembly 
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Figure 11 shows the two actuators and slide assembly installed on the base as well as 
some of the wiring components hooked up to the actuators.  
 
 
Figure 11: Plunger and Actuators 
The last major mechanical component to be assembled and installed was the nest block. 
The nest block consists of four parts. The backstop of the nest is doweled and bolted onto 
the main nest with two bolts. The gage blocks are doweled and bolted onto the main nest 
with a single bolt. Figure 12 shows the nest block, which was titanium nitride coated, 
assembled and mounted to the base.  
  
Figure 12: Lower Nest with Gage Blocks Installed 
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With all of the major mechanical components installed, some of the safety components 
could be installed. The light curtain sensors were the first to be installed on either side of 
the front opening. This allows the machine to be kept open and accessible but keeps the 
operator safely out of the machine while it is running. The light curtain bars can be 
adjusted vertically to be tuned for the user to ensure that it is safe over all ranges. Figure 
13 shows one of the two light curtain bars mounted to the frame.   
 
 
Figure 13: Light Curtain 
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To begin the process of compressing a fin, and optical sensor switch is placed on the 
outside of the frame. The switch is meant for a finger to be inserted into the groove to 
begin process. This is in place of a switch or button. Figure 14 shows the optical switch 
mounted to the frame.  
 
Figure 14: Optical Sensor Switch 
Section 4.2: Issues during the Build Process 
 
Now with a machine that was completed mechanically, it was sent for the controllers to 
be installed and programmed. During this process there were a few mechanical issues that 
needed to be addressed.  
 
The first mechanical issue was the .120” plunger was discovered to be flawed. The 
grinding process used to get the plunger down to the correct thickness, added too much 
heat into the part, which when cooled warped. This made the part rub on the top nest on 
one side and the bottom on the other side. There was also an issue of the front edge of the 
plunger not be parallel to the dowel holes that held it in place. This was because in the 
drawings, the dowel placement was based off the back edge when it should have been 
taken from the front. Both of the problems were fixed by getting a new plunger made out 
of different material. The new plunger is now a two piece part that is made of two thinner 
sheets of steel. This meant there was less grinding on the part which eliminated the 
warping and also the dowel location dimensions were corrected to have better parallelism 
in the second part. 
 
The second issue with the mechanical components was when the machine was running; 
the plunger had a tendency to drag on the nest block. To prevent this dragging from 
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happening, .003” shim stock was added between the lower coupler and the THK slide. 
This raised up the plunger enough to eliminate the dragging.  
 
The third issue was when running the machine with the .250” plunger and gauge blocks; 
there was a tendency for the plunger to rub the top of the nest. Because there was .003” 
shim stock added to move the plunger up, we added .003” shim stock underneath the 
.250” gage blocks. This eliminated the tendency to rub on the top.  
 
Section 4.3: Completed Build 
 
After we were able to solve all the little problems, the programmers at Adaptek Systems 
were able to wire and program the machine. With all of the wiring and programming 
complete, the machine was complete and ready for testing. Figure 15 shows the complete 
system, ready for testing. 
 
The machine was built at Parker Hannifin primarily by the students with some help from 
Parker for the frame components. The machine was built over several days so each 
member of the team had an opportunity to fully contribute time into the machine. 
25 
 
 
 
 
 
Figure 15: Completed Machine 
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Section 5: Budget 
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There was a total budget of $15,000 to be used for this project. The results of the budget 
are shown in Table 2. 
 
Table 2: Budget Results 
 
 
With a total cost of $11,990.33, the project was completed within the budget. 
 
 
 
 
 
  
Component Cost
Tooling $6,383.00
THK Slide $172.33
Light Curtains $1,133.00
Guided Cyl. $583.00
Electro thrust Cyl $2,670.00
Alignment Coupling $65.00
Banner fiber optic sensor $134.00
Frame $850.00
Total $11,990.33
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Section 6: Testing 
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Section 6.1 Testing Overview 
 
The fin compression station was tested to the specifications presented by Parker. As 
stated in the design requirements, the machine must be able to accept a part with a 
maximum size of 6.5” by 4.5”. The minimum compressed width the machine should be 
able to accommodate is 0.5”. The tolerances that the machine is required to meet are 
given in Table 3. 
 
Table 3: Required Tolerances 
Parameter Tolerance 
Width +/- .005 
Parallelism +/- .002 
 
The machine should be able to accomplish the above size and tolerance requirements 
with a maximum of 10 seconds cycle time. Also, it should take no longer than 5 minutes 
to make the necessary adjustments to the machine for fin thickness changes. 
 
Parker Hannifin provided the fins that were used for this testing.  
Section 6.2 Testing Performed 
 
In order to ensure that the designed system performed to the above specifications, the 
following testing was completed: 
 
 Cycle Time Study:  A time study was performed on the machine cycle time.  
With this study, two operators ran four fins through the fin compression station.  
The time was started when the start button was pressed, and the time was ended 
when the button was pressed for the next part.  By using two operators and four 
parts, variation between parts and operators will be accounted for.  
 Changeover Time Study:  A time study was also done on the changeover 
process.  With this study, four operators performed a complete changeover for a 
different thickness fin. This was done seven times. The time started when the 
operator began the changeover process and ended when the machine was ready to 
run a part.  By using four operators, variation between operators could be 
accounted for.   
 Part Tolerance Compliance:  Three operators ran five parts each across the fin 
compression station.  Since the copper fins deflect under the force of hand 
calipers, an adequate way to measure the fins was not readily available at Adaptek 
Systems. The final parts were tested for geometry by using a production part nest 
as a Go/No-Go gauge.  Each part was tested for its fit in the production part; a 
part that fit snugly was considered an acceptable part.  By using three operators 
with five parts each, variation between operators and parts will be accounted for. 
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 Machine Repeatability Test:  The machine was setup for a specific width fin.  
The machine was cycled and held at the fully compressed position.  At the fully 
compressed position, the gap was measured as well as the parallelism.  The gap 
was measured at the same location, and the parallelism was measured by taking 
the difference of each extreme end.  This testing was repeated 30 times to prove 
the repeatability of the machine. 
 Parallelism: The fins must be compressed evenly. Therefore, a parallelism 
requirement of +/- .002 inches was enforced. The parallelism was measured by 
taking the distance from the pusher to the back of the nest at two locations. The 
difference between the two measurements was determined. 
 Safety Test:  The functionality of the light curtains was tested.  This was tested 
by trying to start the machine while the light curtain was broken as well as 
breaking the light curtain during operation. 
 
Much of the testing was based on the availability of the parts.  Both 0.120” and 0.250” 
thick fins were tested by the machine.  The machine was able to compress both 
thicknesses of fins in a controlled manner. 
 
Section 6.3 Test Results 
 
Figure 16 shows a picture of a .120” fin before (left) and after (center). The fin is evenly 
compressed and there is no surface damage on the copper. The image on the right shows 
a snug and proper fit of the fin in the production nest used as a Go/No Go gage for 
testing. 
 
 
Figure 16: Copper Fin Before Compression, After Compression, and Its Fit in the 
Production Nest Used as a Gage 
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The cycle time was observed for eight parts to ensure that it is within the requirements. 
Table 4 shows the results obtained from the cycle time study. 
 
Table 4: Results of Cycle Time Study 
Cycle Time 
(final) 
Run # Time [s] 
1 8.32 
2 8.96 
3 9.32 
4 8.84 
5 8.65 
6 9.1 
7 8.74 
8 9.04 
 
The average cycle time is 8.64 seconds. This is under the required time of 10 seconds and 
is deemed acceptable. The results from the changeover study are shown in Table 5. 
 
Table 5: Results of Changeover Study 
Changeover 
Time 
Run 
# 
Time [s] 
1 114.02 
2 122.23 
3 137.2 
4 108.7 
5 103.11 
6 134.99 
7 122.11 
 
The average changeover time is 120 seconds (2 minutes). This is well under the 
specification of 5 minutes and is deemed acceptable. The results of the tolerance and 
repeatability measurements are listed in Table 6.  
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Table 6: Results of Repeatability Study 
Repeatability 
Run 
# 
Width [in] 
Run 
# 
Width [in] 
1 1.1305 16 1.1305 
2 1.1325 17 1.1325 
3 1.1320 18 1.1325 
4 1.1310 19 1.1320 
5 1.1330 20 1.1325 
6 1.1325 21 1.1325 
7 1.1325 22 1.1325 
8 1.1320 23 1.1325 
9 1.1320 24 1.1325 
10 1.1320 25 1.1330 
11 1.1325 26 1.1325 
12 1.1325 27 1.1330 
13 1.1325 28 1.1325 
14 1.1320 29 1.1315 
15 1.1315 30 1.1335 
 
Analysis of these results is performed in the section 7.The parallelism measurements are 
listed in Table 7 below. 
 
Table 7: Results of Parallelism Study 
Parallelism 
Measurement # 0.120 Fin [in] Δ 0.250 Fin [in] Δ 
1 0.963 0.9685 0.0055 0.9625 0.9635 0.001 
2 1.132 1.135 0.003       
3 0.9655 0.9675 0.002       
4 0.9675 0.9655 0.002       
 
Measurements 1 and 2 of the .120 fin are out of tolerance (±.002”). However, this 
parallelism measurement represents the worst case parallelism for the longest fin.  For 
testing the standard part, it was deemed acceptable by Parker Hannifin as the parts fit in 
the nest without issue. The parallelism of the .250 fin is within the tolerance. 
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Section 6.4 Test Results Analysis 
 
The first step to analyze the fin compression station is to calculate the descriptive 
statistics for each test.  These descriptive statistics are summarized in Table 8.   
 
Table 8: Descriptive Statistics 
  Mean 
Standard 
Deviation Minimum Median Maximum Target 
Repeatability (inches) 1.1322 0.00679 1.1305 1.1325 1.1355 1.132 
Changeover Time (sec) 120.34 12.77 103.11 122.11 137.2 300 
Cycle Time (sec) 8.871 0.307 8.32 8.9 9.32 10 
Parallelism (inches) 0.0027 0.00172 0.001 0.002 0.0055 0.002 
 
Along with the descriptive statistics, the process capability index and process 
performance index was determined for the repeatability and cycle time testing.  It was 
determined that the changeover time was significantly under the specification in which 
the two indexes would not further prove the specification.  Also, the capability and 
performance indexes were not determined for the parallelism testing.  This is because the 
plunger needed to be reworked due to tolerance issues.  Also with the parallelism testing, 
there was limited data. These indices are shown in Section 7. 
 
The process capability index was calculated using Equation 1 below: 
 
                                         (1) 
Where: 
 Cpk – Process Capability Index 
 min – Minimum value of those supplied 
 USL – Upper limit (defined by Parker specifications) 
 LSL – Lower limit (defined by Parker specifications) 
  – Process mean ( Estimated) 
 s – Process standard deviation (Estimated) 
 
The process performance index was calculated using Equation 2 below: 
 
                                         (2) 
Where: 
 Ppk – Process performance index 
 min – Minimum value of those supplied 
 USL – Upper limit (defined by Parker specifications) 
 LSL – Lower limit (defined by Parker specifications) 
  – Process Mean (Calculated) 
  - Process standard deviation (Calculated) 
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Section 7.1 Evaluation: 
 
In evaluating the completed fin compression station, much focus was placed on 
producing quality parts within specification and repeatability.  It is also necessary to 
prove that the machine is versatile as well as safe.  
 
The descriptive statistics in Table 7 are very powerful in evaluating the machine.  First, it 
can be shown that the machine is repeatable.  The data from repeatability testing is 
closely grouped which proves repeatability.  With the mean being within 0.0002” of the 
target value, it can be concluded that the backlash, friction, and other loses are properly 
eliminated and/or compensated for.   From the changeover testing, the mean value is less 
than half of the target specification.  This shows the versatility of the machine and the 
ease of use regarding changing the fin thicknesses.  The cycle time testing demonstrates 
the machine operational capability.  Finally, the parallelism testing illustrated a potential 
issue with the machine.  While the mean value was within specification, there were data 
points over the specification.  Although there were limited samples, it was found that the 
machine layout presented opportunity for skewed final parts.  Also, the manufactured 
plunger was found to add to parallel tolerance stack-up.  After discovering this, the 
alignment of the plunger guide and nest was adjusted.  Also, a new plunger was redrawn 
and sent for machining such that the parallelism would be improved. 
 
During testing, the maximum, minimum and most common fin sizes were tested.  By 
testing over the range of the specifications, the machine was found to be capable and 
versatile.  Also, in using production nest components as a Go/No-Go gage, it was 
determined that the machine produced quality repeatable parts.  All finished parts fit well 
within the production parts used as gages. 
 
To qualify the machine statistically, the process capability index and process performance 
index was calculated.  The process capability and process performance indices for the 
repeatability testing are 3.06 and 2.34 respectively.  The process capability and process 
performance indexes for the cycle time testing are 1.07 and 1.22 respectively.  The 
process capability and process performance for the repeatability testing and cycle time 
testing can be graphically represented in Figures 17 and 18. 
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Figure 17: Process Capability (solid red line) and Process Performance (dashed 
black line) of the Repeatability Testing 
 
Figure 18: Process Capability (solid red line) and Process Performance (dashed 
black line) of the Cycle Time Testing 
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It was decided to perform capability and performance statistics on the repeatability and 
cycle time testing due to their correlation to the machine performance.  The changeover 
time was significantly below the specification and thus the capability and performance 
statistics were deemed irrelevant.  The parallelism testing was not included due to the 
component issues. 
 
The process capability index is used to describe short term capability of a process 
assuming the process is in statistical control.  The process capability index can be 
summarized as a ratio of the standard deviation in regards to the upper and lower limits.  
Therefore, a process capability index of one means the data is right at the limits.  A 
process capability index greater than one proves the compactness of the data within the 
limits.  This value utilizes an estimated value for the standard deviation and mean which 
proves to be less aggressive than the process performance index.  The process 
performance index can be helpful for short, pre-production testing because it can be used 
to evaluate the statistical control as well as long-term confidence.  The process 
performance index tries to verify that the sample data is capable of meeting the 
specifications, and thus more aggressive and precise calculations are used for the mean 
and standard deviation. 
 
With a process capability index of 3.06 for repeatability testing, the machine is over three 
standard deviation units within the upper and lower limits.  This proves the repeatability 
of the machine over our testing.  The process performance index was 2.34 which shows 
the repeatability of the machine should be acceptable in the long run.  Also, because the 
two indexes are relatively close, it proves the process is in statistical control. 
 
With a process capability index of 1.07 for cycle time testing, the machine proves to 
perform within the specifications.  Also, with a process performance index of 1.22, the 
machine also proves to be within specification in the long run.  The two indexes are 
relatively close which proves the process is in statistical control.  Although the two 
indexes are close two one, it is not desirable to increase them further.  To do this, the 
machine time would need to be increased where time would likely come from the dwell 
time.  By removing dwell time, the parts could be more susceptible to spring back which 
would put them out-of-tolerance. 
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Section 7.2 Recommendation: 
 
The first recommendation is to further improve the performance by reducing the 
parallelism.  One way to do this is to rework the 0.120” plunger.  The current plunger is 
not within specification which directly attributes variation to the final part.  The 0.250” 
plunger measured to be within specification, and thus the 0.250” parts were made within 
the parallelism specification.  The parts tested were approximately 3.5 inches in length, 
and with a maximum part length of 6 inches, the implications of parallelism were not in 
full view from our testing.  Although the parts tested worked in the production gage, a 
full length part would have been out of tolerance for the parallelism specification.  By 
reworking the 0.120” plunger, the machine performance and final part confidence would 
be further improved.  Once the reworked plunger is done, it is recommended to repeat the 
parallelism testing to determine the machine capability and performance. 
 
A second recommendation would be to program the user interface to accept offsets from 
the operator.  During testing, some “spring-back” was experienced in which the 
compressed fin was slightly larger than the targeted value even though the part was fully 
annealed.  This only occurred with the 0.120” thick part and was corrected through 
programming during testing.  However, in a production setting, it would be advantageous 
for the operator to be able to make slight adjustments based on the amount of spring-back 
experienced.  Or, it could be possible that the amount of spring back is directly related to 
the dwell time.  If this is the case, it may be advantageous to increase the cycle time 
specification and then increase the dwell time.  If this is an avenue to be pursued, further 
testing on the effects of the dwell time is recommended.  A design of experiment may be 
necessary to determine correlations which could be hard-programmed into the HMI. 
 
Another recommendation would be to test the safety interlocks/mechanisms using OSHA 
approved methods.  Without any OSHA guidance, the team did not perform any safety 
test specific to OSHA.  The team did test the functionality and integration of the safety 
mechanisms, however it is recommended to ensure the machine meets Parker Hannifin 
and OSHA safety standards. 
 
Finally, the testing performed was strictly used for evaluation purposes.  It would be 
suggested to perform testing in accordance to ISO and/or Parker Hannifin standards 
before implementing into a full production setting. 
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Section 8: Conclusions 
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In conclusion, the Fin Compression Station was implemented with minimal deviations 
from the original design.  Design deviations were implemented for assembly, cost, 
quality, and control purposes.  The designed solution was implemented with minimal 
errors.  It was found after testing, the machine produces quality parts in a controlled 
manner.  The machine is able to accommodate the fin sizes specified by Parker within the 
specifications and tolerances specified by Parker.  The HMI provides user friendly 
operation with troubleshooting and maintenance options.  The loading and unloading of 
the part proves to be easy and ergonomic.  Also, the machine operates in a safe manner 
for the operator.  The final machine was supplied to Parker in a functional mode 
producing quality parts in an efficient way. 
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Section 9.1 Mechanical Drawings of Components: 
 
 
Figure 19: Assembly Drawing - PCT010-001-000 
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Figure 20: Drawing of Base Plate - PCT010-001-001 
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Figure 21: Drawing of Lower Nest - PCT010-001-002 
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Figure 22: Drawing of Nest Back Plate - PCT010-001-003 
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Figure 23: Drawing of Plunger Coupler - PCT010-001-004 
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Figure 24: Drawing of Plunger Clamp - PCT010-001-005 
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Figure 25: Drawing of Weldment - PCT010-001-006 
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Figure 26: Drawing of Actuator Mounting Spacer - PCT010-001-007 
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Figure 27: Drawing of Upper Nest - PCT010-001-008 
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Figure 28: Drawing of Upper Nest Coupler - PCT010-001-009 
54 
 
 
 
Figure 29: Drawing of 0.120" Gauge Block - PCT010-001-010 
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Figure 30: Drawing of 0.120" Plunger - PCT010-001-011 
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Figure 31: Drawing of 0.250" Gauge Block - PCT010-001-012 
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Figure 32: Drawing of 0.250" Plunger - PCT010-001-013 
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Section 9.2 Screen Shots of HMI: 
 
 
Figure 33: Main Screen of HMI 
 
Figure 34: Recipe Screen of HMI 
 
 
 
59 
 
 
Figure 35: Counters/Timers Screen of HMI 
 
Figure 36: Maintenance Screen of HMI 
